Background How patients experience the symptoms/signs of psoriasis is highly relevant for assessing treatment
Introduction
Psoriasis is a chronic immune-mediated disease that has a significant impact on health-related quality of life (HRQoL). 1, 2 While numerous clinical studies have led to the approval of new agents for moderate-to-severe psoriasis and subsequent advancements in treatment, evaluations in these trials have focused primarily on physician-evaluated measures of skin lesion severity, 3, 4 which are required for approval. More recently, self-evaluation of improvement, particularly of symptoms, by patients has gained prominence and has been acknowledged by regulatory agencies for labelling. 5 Fully validated instruments that measure classic symptoms and signs of disease are critical for evaluating patients' perspectives. Patient-reported outcome (PRO) instruments have been developed to meet this need, but they did not satisfy product-labelling regulatory requirements and claims and were not designed to be used exclusively by individuals with psoriasis. 6, 7 More recent instruments have been proprietary and/or limited in scope of evaluation. 8, 9 Therefore, a new PRO measure, the Psoriasis Symptoms and Signs Diary (PSSD), was developed to assess symptoms and patient-observable signs in individuals with moderate-tosevere plaque psoriasis. [10] [11] [12] The PSSD was used for the first time in the development programme for guselkumab in psoriasis and has been validated for use in clinical trials as a self-administered tool for capturing the individual patient's perspective. Guselkumab (CNTO 1959; Janssen Research & Development, LLC, Spring House, PA) is a fully human IgG1 lambda monoclonal antibody that binds to the p19 subunit of interleukin (IL)-23 and inhibits intracellular downstream signalling of IL-23, which is required for terminal differentiation and survival of T helper (Th)17 cells. 13 The efficacy and safety of guselkumab were confirmed in three phase III trials in psoriasis: VOYAGE 1, VOYAGE 2 and NAVIGATE. [14] [15] [16] Limited PSSD results from these studies have been reported previously. We report here the full results of the PSSD from VOYAGE 1 through the first year of the study.
Methods
Study design VOYAGE 1 is a phase III, randomized, double-blinded, placeboand active comparator-controlled trial. The first year of the study included a placebo-controlled period (weeks 0-16) and an active-comparator period, during which guselkumab was compared with adalimumab (week 0-48 
Patient-reported outcomes
The PSSD is a PRO questionnaire designed and validated by Janssen Research & Development, LLC, and has been translated and linguistically validated into 13 languages. The severity of psoriasis is evaluated to assess treatment benefit based on 11 individual items covering symptoms (i.e. itch, pain, stinging, burning and skin tightness) and patient-observable signs (i.e. skin dryness, cracking, scaling, shedding/flaking, redness and bleeding) using a 0-10 numerical rating scale for severity (Table S1) . 10, 11 The average score of the five symptoms and the average score of the six signs are used to derive a symptom summary score and a sign summary score. Summary scores range from 0 to 100, and a higher score indicates more severe disease. Thresholds for clinically meaningful improvement have been established for the symptom and sign summary scores as well as each individual item scale score as follows: (i) an improvement of ≥40 points from baseline for the PSSD symptom and sign summary scores; (ii) an improvement of ≥3 points from baseline for the bleeding and stinging scores; (iii) an improvement of ≥4 points from baseline for the itch, dryness, cracking, skin tightness, burning and pain scores; and (iv) an improvement of ≥5 points from baseline for the scaling, shedding/flaking and redness scores. 12 Patient-reported outcome data were entered by patients directly into electronic tablet devices. The 24-h PSSD was completed at home daily, and the Dermatology Life Quality Index (DLQI) was completed at the study site during selected study visits. The impact of skin disease on HRQoL was self-reported by patients across six domains (i.e. symptoms and feelings, daily activities, leisure, work or school performance, personal relationships and treatment), for an overall DLQI score of 0 (no effect) to 30 (extremely large effect) (6) . Disease severity was evaluated by clinicians using two instruments: the IGA (range, 0 [cleared] to 4 [severe]) and PASI (range, 0-72; higher score indicates more severe disease). 3 
Statistical analyses
All analyses of PSSD scores included only patients with PSSD scores at baseline. Continuous response parameters were compared based on an analysis of variance model stratified by investigator site. The Cochran-Mantel-Haenszel test stratified by investigator site (pooled) was used to compare the proportions of patients responding to treatment. Spearman's correlations were calculated between PSSD scores and DLQI (including the six domain scores), PASI and IGA scores. All statistical testing was performed at the two-sided 0.05 significance level, and nominal P-values are presented.
Baseline PSSD scores were defined as the average score of at least 4 days during the 7 days prior to the week 0 visit. To validate the assumption that having a missing PSSD score at baseline was a random event, the differences in baseline disease and demographic characteristics and selected efficacy endpoints between patients with and without baseline PSSD data were evaluated.
Patients who discontinued study agent due to lack of efficacy or an adverse event of worsening of psoriasis, or who started a protocol-prohibited medication/therapy that could improve psoriasis, were considered treatment failures. After weekly data were derived and treatment failure rules were applied, data handling rules (last observation carried forward) were utilized for both binary and continuous endpoints for missing PSSD data.
Results

Patient characteristics
Baseline demographic and disease characteristics among patients with PSSD scores at baseline were comparable across treatment groups (Table 1) . Baseline PSSD scores were missing in 185 of the 837 randomized patients (22%) due to technical difficulties associated with the electronic device used to collect data in the early stages of the study. The proportions of patients with missing PSSD scores at baseline were 25.9% (45/ 174), 24.3% (80/329) and 18.0% (60/334) in the placebo, guselkumab and adalimumab groups, respectively. Overall, compared with patients with baseline PSSD scores, key baseline disease characteristics were generally similar for those with missing baseline PSSD scores (Table S2) . Additionally, there were no meaningful differences in clinical and HRQoL improvements as assessed by PASI, IGA and DLQI over time between those with and without baseline PSSD scores (Table S3) .
Clinically meaningful improvement in PSSD
Based on definitions described in the Methods, greater proportions of patients in the guselkumab group achieved clinically meaningful improvements in their PSSD symptom (73.6% vs. 7.7%, respectively) and sign (73.1% vs. 4.2%, respectively) summary scores at week 16 when compared with the placebo group (both P < 0.001) ( Table 2) . Greater proportions of patients in the guselkumab group also achieved clinically meaningful improvements in all individual item scales for both symptom and sign summary scores at week 16 when compared with the placebo group (all P < 0.001). When compared with adalimumab at weeks 24 and 48, greater proportions of patients in the guselkumab group achieved clinically meaningful improvements (≥40 points) in symptom and sign summary scores (all P < 0.001, except for P = 0.002 for signs summary score at week 24) ( Table 2 , Fig. 2) . Similarly, the proportions of patients achieving clinically meaningful improvements in all individual symptom and sign item scale scores were greater in the guselkumab group at week 24 and 48 when compared with the adalimumab group (all P < 0.01) ( Table 2) .
Symptom-and sign-free PSSD scores
The proportions of patients achieving PSSD symptom and sign summary scores of 0 (i.e. symptom-and sign-free) were significantly higher in the guselkumab group compared with the placebo group at week 16 and with the adalimumab group at weeks 24 and 48 (all P < 0.001; Table 3 ; Fig. 3 ).
14 Greater proportions of patients in the guselkumab group achieved a score of 0 on each of the individual item scales for both the symptom and sign summary scores compared with placebo at week 16 (all P < 0.001) (Table 3) . Similarly, greater proportions of patients in the guselkumab group achieved a score of 0 on each individual item scale for both symptoms and signs compared with adalimumab at weeks 24 and 48 (all P < 0.01) ( Table 3) .
Mean improvements from baseline in PSSD scores
At week 16, the improvements from baseline in the PSSD summary score were significantly greater for guselkumab compared with placebo (mean change AE standard deviation, À41. (Fig. 4) . At week 24, mean changes (improvements) in PSSD summary scores were significantly greater for guselkumab than for adalimumab for both the symptom (À44.0 AE 24.57 vs. À36.0 AE 28.36) and sign (À47.2 AE 22.19) vs. À40.1 AE 26.49) summary scores (both P < 0.001) (Fig. 4) . Likewise, at week 48, mean changes for guselkumab were significantly greater than those for adalimumab: symptom (À45.3 AE 25.51 vs. À32.5 AE 31.14) and sign (À47.9 AE 23.08 vs. À36.6 AE 29.28) summary scores (both P < 0.001) (Fig. 4 ).
14 At week 16, mean improvement in scores for each individual PSSD symptom and sign item scale was also greater in the guselkumab group compared with the placebo group (P < 0.001). At week 24, improvements in individual symptom scores were also greater for guselkumab compared with adalimumab (P = 0.005 for burning; P < 0.0001 for all others). Greater mean improvements were observed for the guselkumab vs. the adalimumab group for most individual sign scores (P = 0.011 for cracking; P = 0.001 for scaling; P = 0.002 for redness; P < 0.001 for all others); improvement in the bleeding score was better for guselkumab, but the difference was not statistically significant (À3.0 vs. À2.6, P = 0.214). By week 48, mean improvement in all individual scores was significantly different between the active treatment groups (P = 0.014 for bleeding; P < 0.001 for all others [guselkumab vs. adalimumab]).
Correlations between changes in PSSD and PASI, IGA and DLQI
Spearman correlation analyses showed a moderate correlation between improvements in PSSD summary scores and PASI . Note that all correlations were significant (P < 0.0001).
Discussion
The PSSD was developed and validated as a self-administered PRO instrument to measure the severity of symptoms (itch, burning, stinging, skin tightness and pain) and signs (skin dryness, cracking, scaling, shedding/flaking, redness and bleeding) Data are presented as number of patients (%). PSSD, Psoriasis Symptoms and Signs Diary. a P < 0.001 for comparisons between guselkumab and placebo, unless otherwise indicated. b P < 0.001 for comparisons between guselkumab and adalimumab, unless otherwise indicated.
in psoriasis patients. [10] [11] [12] Our results from the VOYAGE 1 trial demonstrate that, based on self-reported 24-h recall using the PSSD, patient-reported perceptions of broad improvements in symptoms and signs over time were high and correlate with the high efficacy of guselkumab. Compared with placebo at week 16 and adalimumab at weeks 24 and 48, guselkumab demonstrated better responses in mean summary scores as well as higher proportions of patients with either clinically meaningful improvements or symptom-and sign-free status (scores of 0). Results were consistent for both symptom and sign summary scores as well as for individual item scores and were maintained through week 48 when compared with adalimumab. Furthermore, improvements in the PSSD correlated with changes in physician-reported evaluations of disease severity (PASI and IGA) and patient-reported assessments of HRQoL (DLQI). These findings are consistent with those from the PSSD validation study, which was based on data from the phase III NAVIGATE study of patients with moderate-to-severe psoriasis. Data are presented as number of patients (%). PSSD, Psoriasis Symptoms and Signs Diary a P < 0.001 for comparisons between guselkumab and placebo, unless otherwise indicated. b P < 0.001 for comparisons between guselkumab and adalimumab, unless otherwise indicated. The PSSD has unique properties compared with other PRO instruments used in psoriasis trials. Unlike the DLQI, the PSSD was developed with guidance from the United States Food and Drug Administration, 5 is specific for psoriasis and measures individual signs and symptoms; in addition, the version used in the study has a short recall period of 24 h. Furthermore, the individual items of the PSSD instrument were developed based on input collected directly from patients. Most of these items, which have been commonly reported in the literature, are included in other recently published PRO instruments (such as the Psoriasis Symptom Diary and the Psoriasis Symptom Inventory) for the evaluation of symptoms and signs in clinical trials of psoriasis. 8, 9 The more comprehensive PRO data from the PSSD allow for separating summary scores for psoriasis symptoms and psoriasis signs. Additionally, the symptoms summary score can be used as a primary or secondary endpoint for assessing clinical efficacy (e.g. becoming symptom-free) and the signs summary score, as a secondary endpoint to supplement physician assessments such as PASI score.
One limitation of the study is that baseline PSSD scores were missing in 22% of randomized patients due to technical issues related to the use of the electronic tablet device at the start of the study. Because baseline data were required for the PSSD analyses, patients without baseline PSSD scores were excluded. However, baseline demographic and disease characteristics and trends in clinical improvement over time were similar between those with and without baseline PSSD scores, suggesting that the absence of data at baseline was random and no systematic bias was introduced. Another limitation is that patient-reported assessments of improvements reported in this manuscript are limited to the first 48 weeks of the study. Durability of PSSD responses will be assessed over the remainder of this long-term study, as patient-reported symptoms and signs will continue to be evaluated using the 7-day version of the PSSD.
In conclusion, patients treated with guselkumab reported clinically meaningful improvements from baseline in both symptoms and signs based on the PSSD, a new validated psoriasisspecific PRO measure. Levels of improvement with guselkumab were superior to those reported by placebo-treated patients at week 16 and by adalimumab-treated patients at weeks 24 and 48. In addition, higher proportions of patients achieving clinically meaningful improvements from baseline and symptomand sign-free scores over time further substantiated the better response with guselkumab treatment. Given the totality of these data and the consistency across the endpoints at all timepoints, these results may assist clinicians in making treatment decisions for patients with psoriasis. The PSSD is a promising instrument for evaluating future psoriasis treatments, particularly because input from individual patients is assuming an increasingly prominent role in more fully assessing disease status. 
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